Wave Processes in Discharge Plasma in Electrolyte with Magnetic Field  by Kirko, D.L.
 Physics Procedia  71 ( 2015 )  171 – 175 
Available online at www.sciencedirect.com
1875-3892 © 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the National Research Nuclear University MEPhI (Moscow Engineering Physics Institute)
doi: 10.1016/j.phpro.2015.08.343 
ScienceDirect
18th Conference on Plasma-Surface Interactions, PSI 2015, 5-6 February 2015, Moscow, Russian 
Federation and the 1st Conference on Plasma and Laser Research and Technologies, PLRT 2015, 
18-20 February 2015 
Wave processes in discharge plasma in  
electrolyte with magnetic field 
D.L. Kirko* 
National Research Nuclear University MEPhI (Moscow Engineering Physics Institute), Kashirskoe shosse 31,115409, Moscow, Russia  
Abstract 
The study of discharge plasma in electrolyte involves the use of external magnetic field. High-frequency oscillations of discharge 
are studied in the frequency range of 10 kHz–150 MHz. A regular structure of plasma flows is recorded at creation of magnetic 
field in the range of 50-600 Gs. The spectral measurements of temperature and concentration of plasma are performed. The 
origination of possible waves in discharge plasma in the magnetic field is discussed. 
© 2015 The Authors. Published by Elsevier B.V. 
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Physics Institute)  
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1. Introduction 
During discharges in electrolytes, discharge emission region is generated near the surface of electrodes. Thermal 
heating of electrolyte medium results in convective flows of fluid. Certain kinds of these discharges were used for 
polishing and hardening of metal surfaces [Gaisin and Nasibullin (2011), Kayumov et al. (2010), Suminov and 
Epelfeld (2001), Kanarev (2010)]. During studies of discharges in electrolytes, oscillating processes were detected 
in a wide frequency range [Kanarev (2010), Kirko et al. (2013)]. For this reason, the study of influence of external 
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conditions on development of oscillating processes has become of interest. Existence of discharge plasma in 
electrolyte is also related to formation of turbulent flows in the liquid volume. Stabilization of plasma while using a 
magnetic field is manifested in the works for low-temperature plasma. Therefore, location of discharge plasma in 
electrolyte in external magnetic field has appeared to be feasible. 
2. Device for installation and creation of plasma 
Cone-shaped chamber made of plexiglass was used in the experiment (diameter 12-14 cm, volume 180-220 cm3). 
The electrolyte (2) based on sodium carbonate or sodium hydrocarbonate distilled water solution was placed into the 
operating chamber (1) (Fig. 1). Tungsten or titanium rod (diameter 2-3 mm) in ceramic tube (4) was used for the 
cathode (3). The anode (5) was made from stainless steel or molybdenum plate (0.1-0.3 mm thick). Double half-
period rectifier (6) (voltage 0-250 V, frequency 100 Hz) was applied as a power supply source for discharge. The 
electric magnets (8) connected to the power supply source were placed near the chamber. Electrolyte breakdown 
occurs and discharge is ignited at energization near the cathode. The cathode region having the highest compatibility 
is located directly near the cathode surface. Middle plasma region, which is in contact with gas-vapour shell, is 
located around it. The images of discharge in electrolyte are shown in Fig. 2. Panasonic Lumix DMC-FZ45 camera 
(time resolution 1 ms) was used in the experiments. 
 
 
Fig. 1. Diagram of experimental installation: (1) casing, (2) electrolyte, (3) cathode, (4) ceramic tube, (5) anode, (6) power supply source, (7) 
discharge region, (8) electric magnets, (9) magnetic probe, (10) spectral analyzer. 
                                 
Fig. 2. Photos of discharge in electrolyte: (ɚ) normal combustion stage, (b) discharge with magnetic field present (exposition ¨t=1 ms). 
It is necessary to consider the main stages of discharge development in electrolyte. The concentration of sodium 
carbonate (Na2CO3) was indicated in the paper as being in the range of C=0.05-0.5 Ɇ (mass 0.53-53 g per 103 cm3 
of distilled water). The volt-ampere characteristics of discharge (V-I) for sodium carbonate concentration 0.15 Ɇ is 
shown in Fig. 3. The first area of dependence is approximately linear. Formation of small violet sparks on the 
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cathode surface and subsequent discharge ignition (point 1) can be observed near the maximum. In case of 
breakdown, the values of voltage and current are: U§110 V and I§0.74 Ⱥ, respectively. The distinctive colour of 
discharge glow is yellow-red. The cathode surface is surrounded by cathode region of about 1-2 mm thick. Then 
more dilute middle plasma region is located with the dimensions of 0.5-1.5 cm, surrounded with gas-vapour shell. In 
case if gas-vapour layer appears, resistance of the medium increases, which is manifested in reduction of current 
(section 1-2). After that, the discharge flares up and resistance of the medium decreases, which again results in 
linear dependence (section 2-3). Stable normal burning of discharge can be observed in this linear section. This area 
of volt-ampere diagram is used as basic operating range. At the same time, intensive oscillations are recorded on this 
section. During voltage reduction (section 3-4), the intensity of glow decreases and then the discharge fades (point 
4). Concentration of sodium carbonate in the solution influences the shape of volt-ampere characteristics. 
 
 
Fig. 3. Volt-ampere characteristics of the discharge (sodium carbonate concentration 0.15 Ɇ). 
Let us represent the use of external magnetic field in experiments. The electric magnets (8) were placed near the 
chamber, in which plasma was created (Fig. 1). The value of magnetic induction in the discharge region varied in 
the range B=50-600 Gs. For video recording of the processes, the camera was applied (Nikon 1G, time resolution 1 
ms). Fig. 2b shows the image of discharge with magnetic field present. Upon activation of the magnetic field, the 
rotary movements started being observed in discharge plasma, which is related to appearance of magnetic forces 
acting on the currents. At the same time, the magnetic field had influence on the liquid flow in electrolyte medium. 
In case of no magnetic field, the electrolyte flows were of disordered incorrect nature. Circular directed motion 
resulted in origination of flows of regular spiral shape. According to presence of irregularities on the surface of 
plasma of middle plasma region, it was possible to assess plasma rotation, which was 0.5-4 Hz depending on the 
value of magnetic field and current intensity. At the same time, presence of magnetic field started influencing the 
oscillating processes in discharge plasma. 
3. High frequency measurements and spectral measurements  
During measurement of discharge current, high frequency oscillations in electrolyte are recorded. For this reason, 
the measurements were performed in the frequency range 10 kHz–150 MHz in this paper. The dependencies of 
discharge current represent separate impulses, repeated with the frequency of operation of external power supply 
source - 100 Hz. Separate impulse has a shape close to damped sinusoid with the period of about 1 ms. High 
frequency oscillations are observed at the beginning of each first period of current impulse. The magnetic probes 
and Tektronix TDS 2024B oscilloscope were used for the research. The frequency characteristics of impulses were 
obtained using Origin program. In these experiments, ɋ4-25 analyzer was applied too (operating range 10 kHz-70 
MHz). The magnetic probes represented small coils (diameter 2-3 mm, number of turns 80-150, diameter of wire 
0.05-0.1 mm), and were covered with glass envelopes. The probes (9) were located outside the chamber during the 
experiments, or placed into electrolyte (Fig. 1). The signals of probe measurements are within good correlation with 
the signals of discharge current. Fig. 4ɚ shows typical signal from the magnetic probe, containing oscillations with 
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the period of §10.5 ns. The overall shape of many signals of this range was like the wave packets with the duration 
of 50-120 ns. During the experiments, various frequencies of oscillations were defined in discharge plasma in 
electrolyte. The most intensive oscillations are at the following frequencies: (38±2) kHz, (214±11) kHz, (405±20) 
kHz, (8.4±0.4) MHz, (24±1) MHz, (38±2) MHz, (47±2) MHz, (95±5) MHz. The spectrum of high frequency 
oscillations of discharge is given in Fig. 4b. These frequencies were compared with the results obtained with no 
magnetic field present [Kirko et al. (2013)]. The location of basic frequencies is of distinctive nature, which shows 
influence of the external magnetic field. 
 
 
Fig. 4. Oscillating processes of discharge: (a) signal of magnetic probe (discharge current I=(0.75±0.05) A), (b) spectrum of high-frequency 
oscillations of discharge. 
Presence of external magnetic field results in change of conditions of plasma existence. Moreover, the waves can 
be observed, which are present in plasma in the magnetic field. For the magnetic field generated in the volume of 
discharge plasma and electrolyte, the option of wave motion along the magnetic field is the most significant one. In 
case of ion-cyclotron and electron-cyclotron waves, the following dispersion equation is used [Krall and Trivelpiece 
(1973)]: 
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For representative value of the magnetic field B=200 Gs, we will provide the calculations of ion-cyclotron and 
electron-cyclotron frequencies: ȦBi=eB/mp=1.9×106 s-1 and ȦBe=eB/me=3.5×109 s-1. Plasma frequency at typical 
value of electron concentration ne=4.2×1015 cm-3 [Kirko et al. (2013)] has the value of Ȧpe=(4πnee2/me)1/2=3.6×1012 
s-1. For this reason, the basic frequencies obtained in the experiments can be correlated with ion-cyclotron and 
electron-cyclotron plasma waves. Let us review the frequencies of two most representative ranges of oscillations. 
For the frequency of Ȟ=214 kHz, we can provide ion-cyclotron wave with the wave length of Ȝ§4.2 cm and speed of 
v§8.7×105 cm/s. For the frequency of Ȟ=47 MHz, we can consider electron-cyclotron wave with the wave length of 
Ȝ§1.7 mm and speed of v§8.1×106 cm/s. These wave lengths are close by order to the size of inter electrode space 
between the cathode and anode of 5-7 cm, and diameter of cathode 2-3 mm. 
For study of discharge radiation, Ava Spec 2048 spectrometer was used (operating range 200-1000 nm, spectral 
resolution 0.3 nm), MUM monochromator (operating range 200-800 nm, spectral resolution 0.2 nm) and FEU-85 
photomultiplier tube (time resolution 5 ns). The lines of sodium atoms Na I 589 nm, 819 nm were the most intensive 
in the experiments. The following lines were less intensive: tungsten atoms W I 360 nm, 420 nm, hydrogen atoms 
HĮ 656 nm, Hȕ 486 nm, sodium atoms Na I 439 nm. Using the lines of atomic hydrogen HĮ and Hȕ with the 
method of relative intensities [Huddlestone and Leonard (1965)], plasma temperature was obtained in the cathode 
region of plasma. Temperature has the value of T=1900±200 Ʉ in operating mode of discharge at the value of 
current I=(0.75±0.05) A (section 2-3 on Fig. 3). Using Stark broadening of hydrogen lines HĮ and Hȕ, plasma 
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concentration was obtained ne = (2.3±0.2) ×1015 cm-3 in discharge mode at the value of current I=(0.75±0.05) A 
(section 2-3 on Fig. 3). 
4. Conclusion  
The performed experiments involved the study of influence of external magnetic field on oscillating processes in 
discharge plasma in electrolyte. The study of electric oscillations was performed and the spectrum of the most 
important frequencies was determined in the range of 30 kHz–100 MHz. Owing to spectral measurements, the 
temperature in the cathode region of discharge was obtained, which assumes the value within the range 
T=(1900±200) Ʉ. Formation of steady rotary structures of plasma occurs in cathode regions under action of 
magnetic field. The produced frequencies of oscillations may conform to ion-cyclotron and electron-cyclotron 
plasma waves. 
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